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i. TfmoDvcnm 

For the pressure-jet rotor drive system rith tin 'hiiminr:, the follovdng 

•values are calculated for four tip burrer combustion temoerstureB, four 

tip speeds and seven pressure ratios» 

A. 'Weight flow per compressor horsepower 

B. Duct area required for an internal duct velocity of ?00 fps per com- 

pressor horsepower 

C. Compressor outlet temperature 

D. Tip jet thrust per comDressor shaft horsepower 

E. Specific fuel consiMptior of compreseor and burner ner oound of tip 

jet thrust 

F. Duct area required for en  internal duct velocity of TOO tpB  per 

pound of tip jet thrust 

G. Exhaust velocity 

The results are plotted in Charts 1 through 21, 

The following assumptions hnve been nade: 

A. Inlet sir 1= TACA  stindnrd sea level 
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B. Adiabatic conpreasor efficiency is 80 poroent 

C. Compressor enrrine Süecific fuel consuaption »  .65 Ibe./tlP hour 

D. Tip furl heat content « 18,000 BTU/ib. 

E. Combustion efficiency ■ 90 percent 

F. Rozale efficiency « 95 nereent 

G. Adiabstic head of all lorses equals li«ad of .pressure gain (for cor- 

rections for deviation from thip value, see paragra|Ai 6) 

H. Internal duct velocity = •'OO fps (for explanation, see paragraph A) 

3. rFGIECTED ITEiE 

The followinp items have been neglectedi 

A. Leakage losses (should be well below 1 percent of total flow) 

B. LoRsen or ram palnr. in front of compressor inlet 

C. Deviationp of Made internal pressure from conpressor outlet praa- 

sure (has a small influence upon density and conaequently duet area 

requirement) 

D. Variations of combustion efficiency with temperature rlae (auch as 

caused by diBsocietlon). Cannot be Included without complete borner 

test deta. 
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E. Heat losses through blade (10 percent IOBB results in about 1 per- 

cent error in burner soeoific fuel eonsunption) 

A.    IWTEHHAL DUCT TTIOCITY 

An arbitrary value of 900 fpe has been chosen. The coaproaiBe between 

aerodynaaie and themodynamlc considerationB tjill prescribe the actual 

velocity to be selected. This optinuB conqwomlae cannot be generally 

determined because it deoends upon too many variables, such as: 

A. Percentage blade oroes section available for duct. This depends 

on design effort, blade balance requireaents, structural require- 

nients, end blade «eight considerations. 

B. Percentage hovering time In total flight tiae. On a VTO airereft, 

the best comoroinise for hovering is net correct for the average 

operation, 

C. The mission. To find an ootimun oemproaise, it aust be knoen Trhether 

an optimum of range, of cost or of any other desirable character» 

ietlc is sought. 

Once the optiana velocity is determined, the duct areas can be found by 

using the areas for 200 fpe and correcting them for the new velocity. 

5. KMEflT SE LOSSES AND GAIBS 

In paragraph ?G it was assumed that the loss in adiabatie head resulting 

üUij  iA 
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from the sum of all nrRSsure losses was eq\uil to the gain in head result- 

ing fron air noapreRElon Inside the rotating blade.    Then K denctes the 

ratio of lor? +o  p-ainj 

therein: A.   « friction coefficient 

P    « rotor radius    =    duct length 

P   « oerimeter of internal duct 

A    = duct orotiS-sectional area 

V    = velocity in Made 

XL « rotor anpular velocl-ty 

2f   ■   F constant .üL   »    constant B   «    eonetant 
4A C« C 0" 

where   ff   denotes the rotor solidity. 

Therefore, 

?   «   -s: constant ( -^ ) 

It can be seen that K remains unaffected by pressure ratio and tempera- 

ture rise in the burner.   =4e is a measure of the relative Importance 

attached to external and internal losses and for faadllee of rotors of 

constant ~- solidity becomes the main variable that affects K.    If, for 
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VTO rotors of hi^h disc load, Ri\.is chosen as high as possible, opti- 

mum solidity rill increase with disc load in order to keep the epecifle 

blade loading an optimum. This shows that low K values (low losses) can 

be achieved by hißh disc loads. 

Also for constant rtisc load and constant _L.( K «ill remain oeaetant and 

the trends shown by the subject calculations will be correct. 

6. CORiyCTTOKS FOP DF7IATI0KS Wm K « 1 

In most eases, of course, general considerations will result la a choice 

of —~ and O" that result in K unequal unity. 
SXL 

The nhysieal effect of a change of K is an increase or decrease of bur- 

ner pressure and, consequently, eschaust velocity. All results plotted 

in charts ? through THD are based on thrust and therefore on the difference 

between exhaust velocity and tip speed. A change in exhaust velocity 

under equal compressor and burner temperature conditions can therefore 

be accounted for by reading the desired data at a tip speed that differs 

from the actual tip speed by thr amount AUJR that equals the change in 

exhaust velocity restiltinp from deviation of K ft-o« unity. 

A simple way to find A Up IB shown in the following. It should only be 

used when the total gain or loss in head does not exceed * 15 oeroent of 

the total head, an asstnption that cover? all practical cases. 

^».Ah . W1.K) . ^(l.K) 

(,: ■■■ • 
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VJ actual - ^E1^^^h) '-   ^„^    ^ 
Wherein: J » heat equlTalent 

/r|n » nozzle efficiency (95 percent) 

hg,) » adiabatlc head at nozzle 

VM   « extwmet -velod-ty 

Thereforea 

At 

AV,    - ^ÄR   -    T ^h (^1 

(^)aa«i) 
-ÄiLE vi       W & 

> 
^gJ 

i^d   - 

gam T g) 1* 

Figure ?1 allora to determine V.  for varione temperature end pressure 

ratio conditions. 

■PN LNTiA! ^ 
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